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IN-WHEEL MOTOR SYSTEM 

Background of the Invention 

[Field of the Invention] 

The present invention relates to an in-wheel motor 
system for use in a vehicle having direct drive wheels 
as drive wheels. 

[Description of the Prior Art] 

It is generally known that, in a vehicle having 
a suspension mechanism such as a spring around a wheel, 
as the mass of parts under the spring such as a wheel, 
knuckle and suspension arm, so-called "unsprung mass" 
increases, changes in the ground holding force of a tire 
when running on an uneven road become larger, thereby 
deteriorating road holding properties. 

In a vehicle driven by a motor such as an electric 
car, an in-wheel motor system incorporating a motor in 
a wheel is being employed. However, in a conventional 
in-wheel motor which is fixed to a spindle shaft 
connected to a part such as an upright or knuckle which 
is one of the parts around a wheel of the vehicle, the 
above unsprung mass increases by the weight of the 
in-wheel motor, whereby changes in the ground holding 
force of the tire become large, thereby deteriorating 
road holding properties (refer to patent documents 1 
to 3, for example) . 
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To solve the above problem, there is proposed an 
in-wheel motor system as shown in Fig. 4 in which a 
non-rotating side case 3a supporting a stator 3S is 
elastically supported to a knuckle 5 by a buffer 
mechanism 50 having two plates 54 and 55 whose moving 
directions are limited to the vertical direction of the 
vehicle by di r e c t -a c t i ng guides 51 and which are 
interconnected by springs 52 and a damper 53 moving in 
the vertical direction of the vehicle and a rotating 
side case 3b supporting a rotor 3R and a wheel 2 are 
interconnected by a flexible coupling 60 comprising a 
plurality of hollow disk-like plates 61A to 61C which 
are interconnected by direct-acting guides 62A and 62B 
arranged in such a manner that their moving directions 
are orthogonal to each other (refer to patent document 
4 , for example ) . 

More specifically, as shown in Fig. 5, the above 
buffer mechanism 50 is connected to an axle 6 connected 
to the knuckle 5, four springs 52 which expand and 
contract in the vertical direction of the vehicle are 
installed in the four corners of a knuckle attachment 
plate 55 positioned on the suspension member 7 side, 
two dampers 53 which expand and contract in the vertical 
direction of the vehicle are mounted on both sides of 
a connection hole 55h for the axle 6 formed in the center 
of the knuckle attachment plate 55, spring receivers 
52n are installed at positions corresponding to 
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positions above or below the above springs 52 of a motor 
attachment plate 54 positioned on the motor 3 side, 
damper attachment portions 53n are mounted at positions 
corresponding to positions above the dampers 53, and 
the above plates 54 and 55 are interconnected by four 
direct-acting guides 51 which are arranged symmetrical 
to the center of the plates. Thereby, the motor 
attachment plate 54 and the knuckle attachment plate 
55 are guided in the vertical direction of the vehicle 
by the above four direct-acting guides 51 and 
interconnected by the springs 52 and the dampers 53, 
thereby making it possible to limit the movement of the 
in-wheel motor 3 to the vertical direction while 
attenuation force is generated. 

In the in-wheel motor system constituted as 
described above, the in-wheel motor 3 is float mounted 
to a part around the wheel so that the motor 3 itself 
can be used as the weight of a dynamic damper, thereby 
making it possible to improve ground holding 
performance and riding comfort when running on a bad 
road. Since the motor shaft and the wheel shaft are 
interconnected by the above flexible coupling 60 in 
such a manner that they can become eccentric to each 
other in any direction, torgue can be transmitted from 
the motor 3 to the wheel 2 efficiently. 
Patent document 1: Japanese Patent No. 2676025 
Patent document 2: Japanese Examined Patent 
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Publication No. 9-506236 

Patent document 3: Japanese Unexamined Patent 

Application No. 10-305735 

Patent document 4: WO 02/083446 Al 

Summary of the Invent ion 

Although the above buffer mechanism 50 can float 
mount the motor 3 to a part around the wheel of the 
vehicle without fail, it has a large number of parts 
and requires high assembly accuracy because four 
direct-acting guides 51 and springs 52 must be mounted 
in parallel to each other in the vertical direction. 
Therefore, it takes long to assemble the buffer 
mechani sm 5 0. 

It is an object of the present invention which has 
been made in view of the above problem of the prior art 
to provide an in-wheel motor system comprising a buffer 
mechanism which can float mount the motor to a part 
around the wheel of a vehicle without fail and is easily 
assembled. 

According .to a first aspect of the present 
invention, there is provided an in-wheel motor system 
having a hollow direct drive motor which is provided 
in a wheel and whose stator side is supported to a part 
around the wheel of a vehicle by elastic bodies and/or 
an attenuation mechanism, wherein 

the non-rotating side case of the above motor is 
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supported to the part around the wheel of the vehicle 
by a buffer mechanism which comprises a direct-acting 
guide with springs composed of a direct-acting guide 
consisting of a linear bearing and a rod and spring 
members integrated with the direct-acting guide, two 
plates interconnected by this direct-acting guide with 
springs in such a manner that their moving directions 
are limited to the vertical direction of the vehicle, 
and a damper for interconnecting the two plates, moving 
in the vertical direction of the vehicle. 

According to a second aspect of the present 
invention, there is provided an in-wheel motor system, 
wherein a fixing member for attaching the linear 
bearing as the fixing portion of the direct-acting 
guide is mounted on a knuckle attachment plate 
connected to a knuckle, receiving members for attaching 
both ends of the rod as the movable portion of the 
direct-acting guide are mounted on a motor attachment 
plate connected to the non-rotating side case of the 
motor, the fixing portion and the movable portion of 
the direct-acting guide are attached to the knuckle 
attachment plate and the motor attachment plate, 
respectively, and the spring members are interposed 
between the fixing member and the receiving member. 

According to a third aspect of the present 
invention, there is provided an in-wheel motor system, 
wherein the spring members are arranged on the outer 
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sides of the rod. 

According to the present invention, since the 
non-rotating side case of the motor and the knuckle are 
interconnected by a buffer mechanism comprising two 
plates which are interconnected by a direct-acting 
guide with springs composed of a direct-acting guide 
consisting of a linear bearing and a rod and spring 
members integrated with the direct-acting guide and 
whose moving directions are limited to the vertical 
direction of the vehicle and a damper moving in the 
vertical direction of the vehicle, simple in structure 
and having a small number of parts, the in-wheel motor 
is float mounted to the part around the wheel of the 
vehicle and used as the weight of a dynamic damper, 
thereby making it possible to improve ground holding 
performance and riding comfort at the time of running 
a bad road and to carry out the assembly work of the 
buffer mechanism easily and efficiently. 

Brief Description of the D rawings 

Fig. 1 is a longitudinal sectional view showing 
the constitution of an in-wheel motor system according 
to a preferred embodiment of the present invention; 

Fig. 2 is a diagram showing the constitution of 
a direct-acting guide with springs according to the 
preferred embodiment ; 

Fig. 3 is a diagram showing the constitution of 
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a buffer mechanism according to the preferred 
embodiment ; 

Fig. 4 is a diagram showing the constitution of 

a conventional in-wheel motor system of the prior art; 
and 

Fig. 5 is a diagram showing the constitution of 

a conventional buffer mechanism of the prior art. 

Detailed Description of the Preferred Embodiment 

A preferred embodiment of the present invention 
will be described hereinunder with reference to the 
accompanying drawings . 

Fig. 1 shows the constitution of an in-wheel motor 
system according to a preferred embodiment of the 
present invention. In Fig. 1, reference numeral 1 
denotes a tire, 2 a wheel consisting of a rim 2a and 
a wheel disk 2b, and 3 an outer rotor type in-wheel motor 
which comprises a stator 3S fixed to a non-rotating side 
case 3a arranged on the inner side in the radial 
direction and a rotor 3R fixed to a rotating side case 
3b rotatably connected to the above non-rotating side 
case 3a through a bearing 3j and arranged on the outer 
side in the radial direction. 

Numeral 4 denotes a hub connected to the wheel 2 
at its rotary shaft, 5 a knuckle connected to an axle 
6,7a suspension member composed of a shock absorber, 
8 a brake unit composed of a brake disk mounted to the 
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above hub 4, 10 a buffer mechanism for connecting the 
non-rotating side case 3a of the motor to the knuckle 
5, comprising a motor attachment plate 11 connected to 
the non-rotating side case 3a of the motor 3, a knuckle 
attachment plate 12 attached to the above axle 6, a 
direct-acting guide member 15 with springs composed of 
a direct-acting guide member 13 for guiding the above 
motor attachment plate 11 and the above knuckle 
attachment plate 12 in the vertical direction of the 
vehicle and spring members 14 which expand and contract 
in the moving direction of the above direct-acting 
guide member 13 and are integrated with the direct- 
acting guide member 13, and a damper 16 which expands 
and contracts in the moving direction of the above 
direct-acting guide 15 with springs, and 60 a flexible 
coupling for connecting the rotating side case 3b of 
the above motor 3 to the wheel 2, comprising a plurality 
of hollow disk-like plates 61A to 61C interconnected 
by direct -act ing guides 62A and 62B arranged in such 
a manner that their moving directions are orthogonal 
to each other . 

As shown in Fig. 2, the direct -act ing guide 15 with 
springs is composed of the direct-guide member 13 which 
consists of a linear bearing 13A having two linear ball 
bearings 13a and 13a connected in series and arranged 
on the inner side and a rod 13B which moves linearly 
and is mated with the linear bearing 13A and the spring 
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members 14 and 14 arranged on the outer sides of the 
above rod 13B of the direct-acting guide member 13, and 
an attachment groove 13C for fixing this d i r e c t - a c t i ng 
guide 15 with springs to a fixing member 12m which will 
be described hereinafter is formed in the center 
portion on the outer side of the above linear bearing 
13A. 

In this embodiment, as shown in Fig. 3, the linear 
bearing 13A which is the fixing portion of the above 
direct-acting guide 15 with springs is fitted in the 
fixing member 12m mounted on one side of the connection 
hole 12h for the axle 6 formed in the knuckle attachment 
plate 12, and the fixing portion 16A of the damper 16 
is fitted in a fixing member 12n mounted on the other 
side of the connection hole 12h. Receiving members lln 
and lln are installed at positions corresponding to the 
both end portions of the rod 13B which is the movable 
portion of the direct-acting guide 15 with springs on 
the motor attachment plate 11 on the motor 3 side, the 
both end portions of the above rod 13B are attached to 
the receiving members lln and lln, and the end of the 
movable portion 16B of the above damper 16 is attached 
to one of the above receiving members lln. Since the 
above spring members 14 and 14 are arranged on the outer 
sides of the above rod 13B, they can be easily mounted 
in such a manner that they can expand and contract in 
the vertical direction of the vehicle, and the above 
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direct-acting guide member 13 and the above spring 
members 14 and 14 can be installed between the motor 
attachment plate 11 and the knuckle attachment plate 
12 at the same time. 

Thereby, the above motor attachment plate 11 and 
the knuckle attachment plate 12 are guided in the 
vertical direction of the vehicle by the above 
direct-acting guide member 13 and interconnected by the 
spring members 14 and the damper 16, whereby the 
movement of the in-wheel motor 3 can be limited to the 
vertical direction while attenuation force is 
generated . 

Thus, according to this embodiment, the non- 
rotating side case 3a of the motor 3 and the knuckle 
5 are interconnected by the buffer mechanism 10 
comprising the motor attachment plate 11 connected to 
the non-rotating side case 3a of the motor 3, the knuckle 
attachment plate 12 attached to the above axle 6, the 
direct-acting guide 15 with springs for connecting the 
above motor attachment plate 11 to the above knuckle 
attachment plate 12, which comprises the direct-acting 
guide 13 consisting of the linear bearing 13A and the 
rod 13B and spring members 14 and 14 moving in the 
vertical direction of the vehicle and integrated with 
the direct-acting guide 13, and the damper 16 moving 
in the vertical direction of the vehicle, for 
interconnecting the above plates 11 and 12, moving in 
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the vertical direction of the vehicle. Therefore, the 
in-wheel motor 3 can be float mounted to the above part 
around the wheel of the vehicle with simple 
constitution. Consequently, as the motor 3 itself can 
be used as the weight of a dynamic damper, ground holding 
performance and riding comfort at the time of running 
on a bad road can be both improved. Since this buffer 
mechanism 10 has a small number of parts and is easily 
assembled, the work efficiency can be enhanced and 
productivity can be improved. 

In the above embodiment, the buffer mechanism 10 
comprising one di r e c t - a c t i ng guide 15 with springs and 
one damper 16 has been described. The numbers and 
positions of the direct-acting guides 15 with springs 
and the dampers 16 are not limited and suitably 
determined according to the capacity and weight of the 
motor 3 or type of the suspension mechanism. 

Not only the above one-rod type damper but also 
a known damper which expands and contracts in one 
direction may be used as the damper 16. 

As having been described above, since the in-wheel 
motor is float mounted to a part around the wheel of 
a vehicle by using a buffer mechanism which has a small 
number of parts and is simple in structure, both ground 
holding performance and riding comfort at the time of 
running on a non-leveled road and assembly work 
efficiency can be enhanced. Therefore, productivity 
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can be improved and the in-wheel motor can be 
manufactured at a low cost. 



